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LQDXWRPRELOHZKLFKUHTXHVWWKHIURQWD[OHWREHKLJKHUVWUHQJWKDQGIDWLJXHVWUHQJWK7KHSDUWVDUHFRPSOH[
VKDSH V\PPHWULFDO VKDSH EXW ELJ VHFWLRQ IOXFWXDWH HVSHFLDOO\ WKH VWHHO SRVLWLRQ DQG  VWRSSHU SRVLWLRQ LWV
FURVVVHFWLRQLVQRWRQO\GHHSEXWQDUURZLWLVRQHRIWKHPRVWGLIILFXOW\ORQJVKDIWW\SHIRUJLQJV>@
5ROOIRUJLQJLVDQDGYDQFHGSODVWLFVKDSLQJWHFKQRORJ\ZKLFKZDVZLGHO\DGRSWHGLQZRUOGZLGHDWSUHVHQW
,W FDQ EH WKH SHUIRUPLQJ EHIRUH IRUJLQJ DQG GLUHFWO\ UROO IRUJHDEOH SLHFH WRR7KLV WHFKQLTXH QRW RQO\ FDQ
REWDLQWKHDFFXUDWHVKDSHǃVL]HDQGVPRRWKVXUIDFHEODQNEXWDOVRKDYHWKHYLUWXHRIKLJKSURGXFWLYLW\ORQJ
OLIHRIWKHPRXOGKLJKPDWHULDOXWLOL]DWLRQUDWLRRIPDWHULDODQGVRRQ)URQWD[OHSUHFLVLRQUROOIRUJLQJIRUP
WHFKQLTXHVDUHQRYHOW\ǃRULJLQDOLW\LWVNH\WHFKQRORJ\LVXVLQJUROOIRUJLQJRQWKHGLIILFXOWFRPSDFWLRQRI,
EHDPZKLFK DFFRXQW IRU WKH  RI WKH IURQW D[OH WRWDO OHQJWK WKXV UHPDUNDEO\ UHGXFHG WKH IRUJLQJ
IRUPLQJIRUFH>@
$XWRPRELOHIURQWD[OHSURFHVVDQDO\VLV
,QWKHIURQWD[OHUROOIRUJLQJSURFHVVLWKDVWKHIRUZDUGVOLSSKHQRPHQRQWKHIURQWD[OHVL]HLVELJJHUVRWKH
DFFXPXODWHG HUURUZLOO EH ODUJHU RQ WKHZKROHGLUHFWLRQ LW FDQ UHDFK WHQ VHYHUDO HYHQPLOOLPHWHUV+RZ WR
JXDUDQWHHWKHIRUJLQJOHQJWKLVRQHRIWKHGLIILFXOWSUREOHPVLQUROOIRUJLQJWHFKQLTXH0RUHRYHUWKHFRPSOH[
VKDSHDQG WKHGHHSǃQDUURZFURVVVHFWLRQRI WZRHQGVVWRSSHUZLOOPDGH LWXQHDVH WR ILOODQG IRUP IRUDQ\
NLQGRI IRUJLQJPHWKRGV7RUHDOL]HWKLV WHFKQLTXH LWQHHGVWRREWDLQWKHPD[LPXPVSUHDGLQEODQNPDNLQJ
UROOIRUJLQJ7KHIURQWD[OHVDUHXSSHUDQGORZHUV\PPHWULFDORQJWKHPDLQD[LVEXWRQWKHORQJVHFWLRQLW¶V
OHIW DQG ULJKW SDUW DUH DV\PPHWULF VR LW ZLOO OHDG WKH IRUJHGSLHFH EHQG IRU WKH ODUJH LQKRPRJHQHRXV
GHIRUPDWLRQLQWKHUROOIRUJLQJSURFHVV1+5IURQWD[OHHQJLQHHULQJGUDZLQJDVILJVKRZV
7HFKQRORJLFDOSURFVHHVDUHDVIROORZ
%ODQNLQJVDZPDFKLQHėLQWHUPHGLDWHIUHTXHQF\LQGXFWLRQKHDWLQJėWKUHHSDVVHVRISUHFLVLRQUROOIRUJLQJ
ėEHQGėIRUJLQJ E\ K\GUDXOLF GLH IRUJLQJ KDPPHUėWULPPLQJėFRUUHFWLRQėWHVWLQJėKHDW WUHDWPHQWė
SLFNOLQJWKURZLQJSLOOėILQDOWHVWLQJ
3URFHVVVFKHPHRISUHFLVLRQSHUIRUPLQJIRUJHUROOLQJ
)RUJLQJJUDSKDQGUROOIRUJLQJJUDSK
,QIRUJLQJSLHFHGHVLJQLQJWKHVHOHFWLRQSULQFLSOHRIGLHSDUWLQJIDFHǃSURFHVVUHGXQGDQF\DQGWROHUDQFHǃ
GUDXJKW DQJOH DUH VLPLODU ZLWK GLH IRUJLQJ 5ROOIRUJLQJ JUDSK LV H[SDQGHG IURP WKH IRUJLQJSLHFH JUDSK
PDLQO\GHSHQGVRQWKHFKRRVLQJRIQHXWUDOOD\HUFRHIILFLHQW7DNH'VROLGPRGHOLQJWRWKHUROOIRUJLQJJUDSK
DQG IRUJLQJSLHFH JUDSK LW FDQ JHW SK\VLFDO GDWHV RI HDFK VHFWLRQIRUJLQJSLHFH IRU VXFK DV YROXPHǃWKH
PD[LPXPDQGPLQLPXPVHFWLRQDODUHD)LJLVWKHUROOIRUJLQJJUDSK
 
)LJ1+5IURQWD[OHHQJLQHHULQJGUDZLQJ)LJ'LDJUDPRIIURQWD[OHUROOIRUJLQJZRUNSLHFH
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2ULJLQDOEODQNFKRRVLQJ
,Q WKH UROOIRUJLQJSURFHVV DW HDFKSDVVRIEODQN IRUPLQJ IHZPHWDOZHUHH[SDQGHGEXWPDMRULW\PHWDO
ZHUHH[WHQGHGDORQHWKHIRUJLQJSLHFHZKLFKZLOOOHDGWKHEODQNFURVVVHFWLRQGHFUHDVHVJUDGXDOO\7KXVWKH
FKRRVLQJ EODQN FURVV VHFWLRQZLOO ODUJH WKDQ WKHPD[LPXP FURVV VHFWLRQ VL]H RI IRUJLQJSLHFH )ROORZ WKH
IRUPXODLWFDQJHWWKHEODQNFURVVVHFWLRQDUHD
]M N)) PD[= 
,QWKHIRUPXOD PD[) LVWKHPD[LPXPFURVVVHFWLRQDUHD ]N LVWKH6HFWLRQHQODUJLQJFRHIILFLHQW ]N  
7KURXJKFDOFXODWH WKHEODQNVHFWLRQJUDSKDQGGLDPHWHUJUDSKDFFRUGDQFHZLWK VWDQGDUG VSHFLILFDWLRQRI
URXQGVWHHOWKHVL]HRIEODQNLV¡PPîPP
UROOIRUJLQJSDVVGHWHUPLQH
5ROOIRUJLQJSDVVDUHWKHJXDUDQWHHRIUROOIRUJLQJSLHFHIRUPLQJDQGSURGXFWLYLW\JDLQ0RUHUROOIRUJLQJ
SDVVZLOOLQFUHDVHWKHGLHTXDQWLW\ǃH[WHQGRSHUDWLQJWLPHǃGHFUHDVHSURGXFWLYHFRQWUDU\OHVVUROOIRUJLQJ
SDVVZLOO OHDG WRXQUHDVRQDEOHPHWDOGLVWULEXWLRQRU LQWHQVLILHG WKHGHIRUPDWLRQ UHIOHFW WKHQH[W UROO IRUJLQJ
DQGFDQQRWJHW  WKH UROO IRUJLQJVL]H7KHPDLQVWD\RI UROOIRUJLQJSDVVGHWHUPLQHDUHPHWDO HORQJDWLRQDQG
FRPSOH[LW\RIIRUJLQJIRUPLQJWKHUROOIRUJLQJSDVV1FDQEHUHTXHQF\FRHIILFLHQWRIHORQJDWLRQGHWHUPLQHDV
IROORZ
OJOJ λλ=1 
,Q WKH IRUPXODȱLV WKH WRWDO HORQJDWLRQ FRHIILFLHQW PLQ ))=λ  PLQ) LV WKHPLQLPXP FURVVVHFWLRQ RI UROO
IRUJLQJSLHFH λ LV WKHPHDQFDUULHU IUHTXHQF\FRHIILFLHQWRI HORQJDWLRQ JHQHUDOO\  −=λ IRU WKH1+5
IURQWD[OH  =λ WKXVLWFDQJHW OJOJ ==1 ILQDOO\LWFDQGHWHUPLQHWKDWWKHUROOIRUJLQJSDVVLV
WKUHHWKDWLVVD\EODQNPDNLQJUROOIRUJLQJǃSUHPRXOGLQJUROOIRUJLQJDQGILQDOIRUPLQJUROOIRUJLQJ
6SHFLDOUROOHUVKDSHGGHVLJQRIW\SLFDOVHFWLRQ
6SULQJVHDWZLOOEHIRUPHGLQWKHVWǃQGDQGUGSDVVWKHZLGWKRIVSULQJVHDWLVODUJHWKDQWKDWRIWKHRWKHU
WKHUHIRUHWKHVWSDVVRIEODQNPDNLQJUROOIRUJLQJVKRXOGKDYHIRUFHGH[SDQGJURRYH6RWKHEODQNPDNLQJ
UROOIRUJLQJGLHGHVLJQHGDVSHFLDOVHFWLRQWLOHVKDSHVHFWLRQVORWDQGLQVFULEHUHVLVWDQFHVORWZKLFKFDQVROYH
WKHLQKRPRJHQHRXVGHIRUPDWLRQDQGWKHUHTXHVWVWUHWFKLQWKHELOOHWUROOIRUJLQJ)LJLVWKHJURRYHRIVSULQJ
VHDW7KHELOOHWHQWHULQWRWKHQGSDVVIURPWKHVWSDVVLWVKRXOGWXUQRYHUeEXWQRWIRUWKHUGSDVV
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DWKHVWSDVVEWKHQGSDVVFWKHUGSDVV
7KHPLGGOH,EHDPDOVRZLOOEHIRUPHGLQWKHVWǃQGDQGUGSDVVWKHPLGGOH,EHDPDGRSWV\PPHWULFDO
ER[W\SHJURRYHVKRZQDVILJ7KLVNLQGRIJURRYHKDVWKHYLUWXHRIVWDEOHLQWKHUROOSURFHVVDQGXQHDVH
GXPSIRUUROOSLHFH)LJLVWKHJURRYHRI,EHDP
7KHILVWSDUWZLOOEHIRUPLQWKHWUHHSDVVHVIRUJLQJZKHQHQWHULQWRWKHQGSDVV LWVKRXOGDOVRWXUQRYHU
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eLWV JURRYH WDNH V\PPHWULFDO ER[ W\SH WKH ILQDO IRUPLQJ RI ILVW LV EOHQG DQG GLHIRUJLQJ WKHUHIRUH LW
QHHGQ¶WWRGHVLJQWKHIODVKDWHDFKSDVVRIUROOIRUJLQJ)LJLVWKHJURRYHRIILVW
3DUDPHWULFPRGHOLQJRIIURQWD[OHUROOIRUJLQJGLH
8VLQJ8*VRIWZDUHFDQUHDOL]HWKHSDUDPHWHUL]HG'VROLGPRGHOLQJIRUIURQWD[OH7KURXJKPRGLI\WKHNH\
SDUDPHWHUV RI PRGHO LW FDQ PRGLI\ WKH GLPHQVLRQ RI GLH VHFWLRQ VORW WKLV SURFHVV DYRLG WKH UHSHDWDELOLW\
PRGHOLQJ 5ROOIRUJLQJ SLHFH RI IURQW D[OH DQG UROOIRUJLQJ GLH EHORQJV WR W\SLFDO IUHH FXUYH DQG VXUIDFH
PRGHOLQJWUDQVLWLRQUHJLRQVKDSHRIHDFKFURVVVHFWLRQLVJUHDWGLVSDULW\IRUWKLVUHDVRQSDUDPHWULFPRGHOLQJ
LV GLIILFXOW 7KLV UHVHDUFK QHHG WR EXLOG XS WKUHH SDVVHV UROOIRUJLQJ GLH DPRQJ WKHP ILQDO IRUPLQJ UROO
IRUJLQJLVWKHPRVWGLIILFXOW
%DVLFVORWVHFWLRQEXLOGLQJRIUROOIRUJLQJ
2Q WKH VWDJH RI UROOIRUJLQJ GHVLJQLQJ XVH JURRYH VFKHGXOH WR ILQLVK WKH UROOIRUJLQJ SLHFH SDUDPHWULF
PRGHOLQJ(DFKFKDUDFWHULVWLFFURVVVHFWLRQRIIURQWD[OHSLHFHZLOOEHRQHSDUDPHWHUSULPLWLYHVHFWLRQVL]HLV
GHWHUPLQHGDFFRUGLQJWRWKHSULQFLSDORI(TXDO6TXDUH)LJLVWKHEDVLFVHFWLRQSULPLWLYHRIIURQWD[OHUROO
IRUJLQJSLHFH
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G
)LJ%DVLFVHFWLRQSULPLWLYHRIIURQWD[OHUROOIRUJLQJSLHFHD,EHDPVHFWLRQEVSULQJVHDWVHFWLRQFWUDQVLWLRQVHFWLRQGWZR
HQGVRIILVWVHFWLRQ
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/RQJLWXGLQDOVL]HGHWHUPLQHRIVHFWLRQVORW
)RUZDUGVOLSSKHQRPHQRQLVRFFXULQWKHPHWDOUROOIRUJLQJHDFKVHJPHQWOHQJWKRIVHFWLRQVORWLVVKRUWHU
WKDQWKDWRIWKHEODQNFRUUHVSRQGLQJLQWHUYDOVRWRGHWHUPLQHWKHORQJLWXGLQDOOHQJWKRIVHFWLRQVORWLWQHHGWR
HVWLPDWHWKHIRUZDUGVOLSUDWH(DFKVHFWLRQVORWOHQJWKFDQEHFDOFXODWHGDVIROORZ
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,QWKHIRUPXOD/LVWKHOHQJWKVL]HRIVHFWLRQVORWXQLWLVPP/LVWKHOHQJWKVL]HRIEODQNXQLWLVPP6
LVWKHIRUZDUGVOLSYDOXH,QWKHIRUZDUGVOLSYDOXHGHVLJQLQJLWFDQEHGHWHUPLQHGE\H[SHULHQFHDWILUVWLQWKH
PLGGOHIURQWD[OH,EHDPDQGVSULQJVLWHVHFWLRQLWYDOXHV,QWKHWUDQVLWLRQUHJLRQRIZHGJHVHFWLRQ
LWVKRXOGFRQVLGHUWKHIHHGLQJGLUHFWLRQRIUROOIRUJLQJLIVPDOOHQGLQIURQWWKHIRUZDUGVOLSYDOXHLI
ELJHQGLQIURQWWKHIRUZDUGVOLSYDOXH
6SDWLDOSRVLWLRQRIFURVVVHFWLRQOLQHDQGJHQHUDWLRQRIPLGGOHWUDQVLWLRQERG\
,Q WKH UROOIRUJLQJSURFHVV WKHJURRYHV VHFWLRQ VKDSHRI ILQDO UROOIRUJLQJGLH LV XQLIRUP WR WKDW RI UROO
IRUJLQJ SLHFH VR LWV VKDSH DQG VL]H LV WKH VDPH DV WKH ILJ VKRZV 'LVWDQFH SDUDPHWHU / RI HDFK
FKDUDFWHULVWLFVRIUROOIRUJLQJSLHFHFDQFRQYHUWHGLQWRDUFDQJOH¢FRQYHUVLRQIRUPXODDVIRUPXODVKRZV
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,QWKHIRUPXOD5LVRIUROOIRUJLQJSLHFH6LVWKHIRUZDUGVOLSYDOXHLQWKHUROOIRUJLQJSURFHVVJHQHUDOO\
YDOXH5ROOIRUJLQJGLHVHFWLRQDQGVSDWLDOSRVLWLRQRISLORWOLQHDUHVKRZLQILJ
  
)LJ6SDWLDOSRVLWLRQJUDSKRIGLHVHFWLRQ)LJ0RGHORIPLGGOHWUDQVLWLRQERG\)LJ6ROLGPRGHORIURXQGGLHEORFN
:LWKWKH6ZHSWRUGHULQ8*VRIWZDUHLWFDQVHJPHQWVFDQHDFKFKDUDFWHULVWLFVRIPLGGOHWUDQVLWLRQERG\
:KLOHVFDQQLQJFKRRVHOLQHDULQLQWHUSRODWLQJPHWKRGDQGPRGLI\WKHGHIDXOWWROHUDQFHWRLIQRWLW
ZLOOPDGH WKH VXEVHTXHQW%RROHDQ RSHUDWLRQ DQG URXQG FKDUDFWHULVWLF IDLOXUH 7KH SDUDPHWULFPRGHO RI '
PLGGOH WUDQVLWLRQERG\ IRU IURQWD[OH UROOIRUJLQJ LV VKRZDV ILJ7KHGUDZRI URXQGGLHEORFN LV VKRZDV
ILJ,WXVHWKH6ZHHSDORQJ*XLGHRUGHUWRILQLVKGUDZLQJ*XLGHVWULQJLVWKHF\OLQGULFDOOLQHRIUROOIRUJLQJ
GLHWKH)LUVWRIIVHWDQG6HFRQGRIIVHWZLOOEHVWHWWHGDV]HUR7KHVFDQUHVXOWDVILJVKRZV
*HQHUDWLRQRIUROOIRUJLQJGLH
7KH URXQGGLHEORFN LQ ILJDQG WKHPLGGOH WUDQVLWLRQDOGXPP\PRGHO LQ ILJ WKURXJK WKH8*6XEWUDFW
RUGHURI%RROHDQRSHUDWLRQLWFDQJHWWKHUROOIRUJLQJGLHVORW)RUWKHPPGLVWDQFHEHWZHHQXSSHUDQGORZHU
GLHPPPLJUDWLRQRIXSSHUVXUIDFHWRZDUGUDGLDOGLUHFWLRQEOHQGUDGLXVDQGFKDPIHUIRUERXQGDU\DQGVRRQ
LWZLOOJHWWKHGLHPROGRIILQDOIRUPLQJDQGSUHPROGLQJUROOIRUJLQJDVILJǃILJVKRZ
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)LJ'LHPRGHORIILQDOIRUPLQJUROOIRUJLQJ)LJ'LHPRGHORISUHPRXOGLQJUROOIRUJLQJ
'LHPDWHULDO
5ROOIRUJLQJGLHEHDUODUJHSUHVVXUHDQGLWVZRUNLQJVLWXDWLRQLVUHSHDWHGO\KHDWDQGFRROHYHQWKHKHDWLQJ
WHPSHUDWXUHUHDFK WRć7KXVRQ WKH IXQFWLRQRIDOWHUQDWLQJ LQQHU VWUHVV WKHUPDO IDWLJXHFUDFNDUH
HDVLO\RFFXU)RUWKRVHUHDVRQVWKHPDWUL[RIGLHVWHHOFDQ¶WEHWRRVRIWRWKHUZLVHPRGXOHZLOOFDXVHFROODSVH
GHIRUPDWLRQWKHVHFWLRQVORWVXUIDFHVKRXOGEHKLJKHUKDUGQHVVDQGZHDUUHVLVWDQFHRWKHUZLVHWKHIURQWD[OH
FRXOGQ¶WPHHWWKHUHTXLUHPHQWRIUROOIRUJLQJSLHFH6RRQWKLVUHVHDUFKWKHGLHPDWHULDOXVHDOOR\VGLHVWHHORI
&U1L0RKHDWWUHDWPHQWKDUGQHVVLV+5&
&RQFOXVLRQV
%DVH RQ FDOFXODWLQJ WKH FURVVVHFWLRQ GLDJUDP EODQNPDNLQJ GLDPHWHU DQG RULJLQDO EODQN OHQJWK ZLOO EH
REWDLQHG8VLQJ8*VRIWZDUHFDQUHDOL]HWKHSDUDPHWHUL]HG'VROLGPRGHOLQJIRUIURQWD[OH7KURXJKPRGLI\
WKH NH\ SDUDPHWHUV RI PRGHO LW FDQ PRGLI\ WKH GLPHQVLRQ RI GLH VHFWLRQ VORW WKLV SURFHVV DYRLG WKH
UHSHDWDELOLW\PRGHOLQJ6RWKHFRPELQDWLRQRI'VROLGPRGHOLQJDQGSDUDPHWULFGHVLJQUHDOL]HWKH'GHVLJQ
RIUROOIRUJLQJGLHIRUDXWRPRELOHIURQWD[OHEODQNPDNLQJ
,QWKHSURGXFWLRQRIDXWRPRWLYHIURQWD[OHIRUJLQJSUHFLVLRQSHUIRUPLQJIRUJHUROOLQJWHFKQLTXHQRWRQO\
UHGXFLQJWKHHTXLSPHQWLQYHVWPHQWDQGSURGXFWFRVWEXWDOVRLPSURYLQJWKHSURGXFWTXDOLW\ǃTXDOLILHGUDWH
DQGZRUNLQJFRQGLWLRQ
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